System setup and simulation of DOX-DNA
Simulations were carried out with Gromacs 4.6.5. [1] The PDB crystallographic structure 1D11 [2] containing one daunomycin molecule and a single palindromic DNA sequence of six nucleotides, was chosen as starting system. Daunomycin was modified adding a hydroxil group on the methyl-ketone side chain using GaussView [3] to obtain doxorubicin (DOX). Considering its palindromic sequence, the nucleic acid was duplicated, rotated of approximately 180° and moved with the aim of reproducing the H-bond pattern between complementary nucleobases. The so-built double-stranded system was protonated and immersed in a cubic box of roughly 16500 TIP3P [4] water molecules, adding 0.1 NaCl to achieve neutrality. The final system was composed by 50160 atoms put in a rectangular box of 493 nm 3 . DNA was described using the AMBER99SB-ILDN force field. [5] DOX topology was taken from a previous work. [6] To ensure the stability of the terminal base pair in the intercalation site we added additional weak harmonic bonds [7] between the CG base pair above DOX; such bonds (of 50 kJ mol −1 each) were modeled in order to resemble the hydrogen bond coupling between the two nucleobases. Long range electrostatic interactions were accounted by means of the Particle Mesh Ewald method (PME). [8] A cut-off of 14 Å was used for short range electrostatic Van der Waals interactions. LINCS [9] was used to constrain bond lengths and angles. The system was initially minimized by means of the steepest descent algorithm. Relaxation of solvent molecules and counter ions to 300 K was initially performed keeping solute atoms restrained to their initial positions with a force constant of 1000 kJ mol ), for 5.0 ns in a NPT (using the Parrinello-Rahman barostat [10] ) ensemble and using an integration time step of 2.0 fs. Then, the system was carried again to 0 K and progressively heated to 300 K in steps of 50 K. Starting from the last conformation of the equilibration step, DOX was pulled away from the intercalation site by the application of a harmonic potential of 125 kJ mol
between the centers of mass (COMs) of DOX and of the four nucleobases delimiting the intercalation site. A pull rate of 10 nm ns −1 was used. The pulling process was allowed in each dimension. When a distance of 17.5 Å was reached, the DOX molecule was assumed to be completely separated from the DNA bundle. Along this path, system configurations were taken every 0.6 Å of COMs separation and used as starting point for the umbrella sampling, for a total of 25 simulation windows. Afterwards, a 200 ps equilibration run (at 300 K and 1 bar pressure) was performed for each selected window, according to the protocol reported by Lekmul et al. [11] In each window 10 ns of MD was performed, for a total of 250 ns. Instantaneous atomic forces along the umbrella sampling trajectories, together with the mutual displacements along the reaction coordinate, were stored every 2 ps. Results were analyzed using the WHAM [12] method to compute the potential of mean force (PMF) profile along the predefined reaction coordinate. (3) (4) (5) , with the ending part of the ribbon thinner (C3) or thicker (C5); nucleotides are depicted using filled polygons omitting the detailed atomic structure.
